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[October 11, 1956] DISCUSSION: LEPTOSPIROSIS IN [1] . This has perhaps not always been as well appreciated as it might have been. The variability of the clinical picture and the large number of distinct antigenic strains of leptospirn responsible may perhaps have come as a surprise to those of us whose concept of the disease had hitherto been that of the severe illness originally described by Weil in 1886. Table I gives some idea of the variability of the disease and its nomenclature and, suggesting as it does a varied occupational letiology and distribution, should remind us to suspect leptospirosis as being a cause of febrile disorders in many parts of the world. All these illnesses are generally characterized by fever, headache, myalgia and conjunctival injection but the hxmorrhagic, icteric and other prominent features of the classical disease may be lacking and there are often real difficulties in making a confident clinical diagnosis. Buckland and Stuart reported cases of suspected Weil's disease among troops operating in N.W. Europe whose blood serum agglutinated with L. sejroe or L. grippotyphosa whilst giving no reaction to L. icterohaemorrhageia [2] . Mackay-Dick and Watts were calling for an increased awareness of the manifestations of canicola fever in Germany [3] . In 1951 it was coming to be appreciated in Malaya that leptospiral infections with types other than L. icterohamorrhagie were probably occurring in increasing numbers among troops engaged in jungle operations. The existence of leptospirosis in Malaya was, of course, known as a result of work by Fletcher in 1928. He demonstrated infection in man, dogs and various species of rats. He also showed the presence in human cases of L. icterohamorrhagia, of several strains of L. autumnalis and L. pyrogenes. There were also others whose identity was not established at the time [4] .
Military experience in 1954 and 1955 in Malaya suggested that infection with L. icterohamorrhagiac was the exception rather than the rule; and that leptospirosis could and did present a varied clinical picture. Unless it was specifically investigated as a cause of febrile illness it was likely to be missed and confusion with conditions such as dengue and scrub typhus was likely to occur. Malaya in the two years 1954 and 1955 produced a certain total of 333 cases of leptospirosis from a military population which, over the period, remained virtually constant in size, composition and distribution. Leptospirosis is not a new disease to military populations.
The War of 1914-18 produced cases in what was described as mildly epidemic form in France and Flanders amongst both British and German troops. The majority of these appeared to be due to L. icterohamorrhagie [5] . Operations in Europe in 1944 45 produced small outbreaks but the occurrence of other strains was noted [6, 2] . From a study of available statistics, however, at no time during the whole of the 1939-45 War was anything approaching the number of cases which occurred in Malaya in 1954 and 1955 reported in any theatre: or indeed from all the British and Dominion troops engaged during the whole period. It was felt therefore that the Malayan experience of 1954 and 1955 was worthy of a closer study.
The pattern of incidence.-During 1954, 198 cases of leptospirosis from troops of all nationalities were admitted to military hospitals in Malaya: in 1955 this figure declined slightly to 135. These figures constituted 2 1 % and 1-6% respectively of all admissions.
The mortality from the disease was low. There were only two deaths in the two-year period that could be confidently ascribed to leptospirosis. Many patients were, however, gravely ill; the majority were of mild to moderate severity and were incapacitated for about three weeks.
During the two-year period there was only one instance of the same individual contracting the disease twice. In this case the first infection was in April 1954, the second infection occurring in July of the same year. Between infections the individual remained well and at duty.
The temporal distribution of the cases in Malaya is shown in Fig. 1 . It will be noted that cases occurred throughout the year. The apparent peaks of incidence were due to small outbreaks occurring in units operating in areas where experience showed a high endemicity. Although no co'nvincing relationship to weather conditions was discoverable it was noted that the cases in Malaya were perhaps more obvious after a wet spell had occurred after a period of relative drought.
Australian workers have reported that in Queensland, which has an annual average rainfall of 60 in., cases of cane fever (L. australis A) generally showed an increase at the time of the peak rainfall (January, March) [7] .
Geographical distribution.-When this was studied it was apparent that cases of leptospirosis could arise in nearly every State in Malaya. The number of the troops operating in each State varied with operational needs but when this number was studied against the number of cases of leptospirosis reported it became apparent that in at least two States there were areas where the endemicity of the disease was high, particularly the west central area of Pahang and the central area of Perak. There was a smaller and rather subsidiary area about 10 miles out of Kuala Lumpur in Selangor, but it only attracted passing attention as operations therein were not continuous.
The existence of the disease in Perak was well known as a result of Fletcher's observations in 1928 but it was not until late 1953 that attention was focused on Pahang when a sharp outbreak occurred among British troops operating in the west central area of that State [12] . Fig. 2 shows the percentage distribution of cases of leptospirosis over the two-year period in each State.
In Trengganu and Malacca the number of troops in each State was almost negligible as they had been freed of trouble. The number operating in Kedah was small and in the main, Malay troops, while in Kelantan, apart from field engineer activities by a small unit, there was none. One feels fairly confident in saying, however, that, if larger numbers had been engaged in these States It was the west central area of Pahang which had the evil reputation and no less than four British units at one time or other suffered in the same area. The high endemicity of this area was supported by the experience of two British units of equal size which performed almost identical operations in west central Pahang and Selangor having relieved each other. The attack rate for each was low while in Selangor, but increased sharply shortly after entry into Pahang. This observation can be underlined by the fact that the operations in Selangor entailed extensive patrolling of swamps which provided suitable opportunity for the contraction of infection. It occurred, but only sporadically.
Operational conditions and the distribution of cases amongst the troops at risk.-These two points may conveniently be discussed together. The following types of troops were engaged over the two-year period: British, Gurkhas and Malays who each formed a group of equivalent size; one battalion of Africans and one of Fijians, each of about the same size.
The administrative troops were based on the larger towns and worked from some permanent accommodation and never entered the jungle; the Armoured Corps had duties which, in the main, restricted them to road patrolling and convoy work with an occasional foray into the jungle. They were based on larger centres but had squadrons detached to the smaller country towns. The operational infantry operated as companies from semipermanent camps in relation to the jungle fringe. From here they worked as small patrols returning to their company base after varying intervals to rest and refit before going out again. After a certain period each infantry unit would be withdrawn from' jungle operations for a period of retraining in a major centre. The jungle work therefore fell on the infantry and the operations entailed prolonged and extensive patrolling, operations being in primary or secondary jungle, scrub and swamp. While on patrol, troops lived on what they could carry or were maintained by a system of air supply. Water was found locally and instructions were that it should be boiled for tea or sterilized by individual outfits before drinking. In base camps and at unit H.Q.s fixed supplies were provided with filtration and chlorination under R.E. or unit arrangements. There is no doubt, however, that standards of water purification were uneven and patrols obtained water from indifferent sources. Washing facilities were primitive on patrol and it was not until return to base that individuals could achieve total skin cleanliness. The skin of the patrolling infantryman was rarely dry; sweat, rain, or both saw to that. Scratches and abrasions were inevitable in the thick secondary jungle where every kind of bush, creeper, thorn and bamboo abounded. Skin sepsis and fungus infections were encouraged by and flourished under such conditions. Strict insistence by regimental officers upon the prophylactic measures recommended could and did keep the skin troubles down, but they were there all the time.
The skin of the British soldier, particularly in the newly-arrived units, was liable to damage and infection; the Fijians generally had a high attendance on sick parades for minor skin troubles; the Gurkhas, Malays and Africans were affected but to a much lesser extent.
Such then were the general conditions under which troops of five nationalities operated in Malaya.
The leptospirosis experience of each group is given in Table II . 1954-1955 1954-1955 1954-1955 1954-1955 1954-1955 1954-1955 Table II shows clearly that it was the operational infantry that sustained the majority of cases: the urban-based troops escaped lightly. When approximate attack rates per 1,000 men at risk were considered it was the British infantryman who suffered most, followed by the Gurkhas and the Fijians. Of all troops engaged, operational infantry or other, the soldier recruited in the country-the Malay-suffered relatively little.
It was first and foremost a disease of the jungle with the occurrence of sporadic cases in major urban centres or the more developed rural areas.
It is true that each of the areas noted as having a high endemicity contained a major British unit throughout the two-year period but, even after due allowance was made for this, the incidence among the British troops was still more noticeable. A Malay unit operated in west central Pahang simultaneously with a British unit over the period. They operated under identical conditions and in areas where leptospirosis was known to occur and yet the cases in this group were virtually nil. Taken overall, the number of cases of unexplained fever treated in the unit sick bays of Malay regiments was extremely small, as was the number admitted to hospitals for the same reason. Even if allowance is made that leptospirosis showed itself in its mildest form and passed unrecognized it is still considered that Malay soldiers were never seriously affected by-leptospirosis. It is uncertain how far this reasoning can be applied to Fijians and Africans (both small groups) but it is possible that cases of fever with rapid recovery in both groups-which were retained in unit lines to a slightly larger extent than in the Malay group-may have included unrecognized cases of leptospirosis. The Africans operated in west central Pahang. The Fijians were in Johore.
The third big group, the Gurkhas, had a much lower incidence than the British. They may have been luckier in their operational areas. A group of cases (about six) did occur in a major infantry unit in an area of Selangor near Kuala Lumpur in 1955 and, for its size, the non-operational group of Gurkhas located mainly in well-developed camps and areas produced an attack rate nearly equivalent to the British non-operational group (approximately 2-3 per 1,000 per year Gurkha: 3 per 1,000 per year British). Gurkha susceptibility is hard to assess with any certainty.
Source of infection.-At various times animals such as rats, cattle, pigs and dogs have all been shown to harbour various strains of leptospire.
In Malaya there is a very large rodent population and at least three species of rat which inhabit the primary jungle have been shown to be infected with leptospirosis [8] . In late 1955 two further species from camps in west central Pahang were also incriminated [9] . These last two were not primary forest rats by habit. They preferred secondary jungle, grassland or scrub, being abundant in the latter and in ladangs and areas of temporary cultivation. Rats therefore were in close relationship to the infantryman in his temporary jungle camps, his patrolling and ambush areas in the primary and secondary jungle and in his base camps.
Wild pigs in Malaya were also no strangers to the patrolling infantry, dogs were numerous in the ladangs and kampongs and certain of the British battalions employed tracker dogs with soldier handlers. Pig and buffalo wallows were far from rare. Possible additional sources of infection were not hard to find and mud, slime and water met in paddy-fields, swamps, rivers and streams were available to be contaminated. Certain leptospirm have recently been shown by Australian workers to remain viable for up to fifteen days in damp and acid soil [10] . Conditions in the Malayan jungles were probably equally suitable. A variety of leptospirn were identified in Malaya from infections occurring among troops. There was no pattern to their distribution, west central Pahang provided a wide range and among the identifications carried out, icterohemorrhagiw, ranked low in frequency. No cases were reported specifically among unit dog handlers, but that the dogs could at times be infected was appreciated. In only one patient was the infecting leptospira identified as L. pomona although wild pigs abounded in the scrub and swamp.
It is considered therefore that the main source of infection lay in the rodent population and that these were to be found in the temporary camps in the jungle, deeply buried ladangs, remote or deserted kampongs, deserted areas of cultivation or the swampy scrub encountered on patrol. Rats also infected the company base camps, but living conditions in the camps, although rough, offered less opportunity of contact with contaminated soil, and/or water. Secondary sources may have been wild pigs or numerous dogs.
Method of transmission.-It has long been accepted that contact with mud, slime, and water contaminated by the urine of the rodent or other animal harbouring the infection provides the opportunity for the leptospira to obtain access to the body. It mav enter through damaged skin or through intact mucous membrane. Bathing in contaminated water provides other cases. In Malaya, in previous years, patients with leptospirosis have given histories of having bathed in local rivers or old mining pools [11] .
Opportunity existed on patrols in jungle: skin abrasions were common: washing and bathing were done in rivers and streams while the standards of water purification were uneven. The importance of contaminated drinking water is stressed particularly when reliance had to be placed on individual methods of purification. The intermittent heavy rains could cause supplies available to patrolling infantry to be contaminated from surrounding areas and so reach individuals or groups. Contaminated drinking water could be the source of those infections which occurred among those whose duties kept them in the base camps with their more elaborate supply systems, the chlorination of which was apt to be irregular and to which rats had comparatively easy access. The origin of the cases in the administrative group is less easy to postulate. The few cases in the Malays could well have come as result of infection acquired during visits to their home kampongs where washing, bathing and drinking water supplies were less than ideal and the domestic economy productive of rats and stray dogs.
Prevention.-Under the conditions imposed by the operations in Malaya, it was impracticable to place a ban on certain areas or particular rivers and streams. The best that could be done was to try and reduce the risk of leptospirn gaining access to the body. Skin hygiene therefore assumed an added importance while the safety of drinking and washing water supplies and the reduction or discouragement of the rats in company base camps were all stressed. Beyond that, one could do little.
Leptospirosis had become an occupational disease of the jungle patrol. Discussion.-The occurrence of leptospirosis among the troops in Malaya showed that the disease was widespread in that country. Certain areas were revealed to be of higher endemicity than others. It can be said that the disease could probably be contracted in any State at any time of the year. It was a disease of the jungle patrolling infantryman rather than that of the supporting troops and it could be caused by any one of a large number of leptospire.
Mortality was low but it caused considerable incapacity among operational troops.
Series of cases occurred in units which gave the appearance of outbreaks but closer examination generally showed that the cases had occurred among several patrolling groups that had no common epidemiological factor except the general area of the country [12] .
No cases could with certainty be ascribed to bathing in a particular river or pool or to using a particular water supply. The origin of the infection lay in the extensive rodent population of the jungle but secondary sources could possibly have been in the wild pig, dogs or buffaloes. The route of the infection was probably the consumption of contaminated water and the contact of abrased skin with contaminated mud, slime and water while on patrol. Of the three main groups the heaviest sufferer was the British soldier. The Malay, recruited in the country, suffered scarcely at all although oddly enough one of the two fatal cases was in a Malay. This suggests some degree of racial immunity. The Malays operated alongside British troops in areas of known high endemicity apparently with impunity. It must be appreciated that the system of National Service resulted in the constant dilution of the British units with "unseasoned" young men. The Malay Infantry on the other hand were a long-service group. Second infections in the same individual were rare so it is conceivable that some immunity can be acquired. The Gurkhas, the third of the large groups, were also long-service soldiers, with continuous service in Malaya for some years. They, although they suffered more than the Malays, did not approach the British in susceptibility.
Of the two small groups, the Fijians, who were diluted with drafts at intervals, seemed to suffer along with the British. The Africans, who were not diluted during their tour, were much less susceptible even though they operated continuously in an area of high endemicity.
It seems-possible therefore that the longer a unit stayed in Malaya, provided its composition remained stable, its chances of producing cases of leptospirosis were reduced.
In the total of 333 cases, 20 were among officers. With few exceptions these were among the subaltern patrol-leading group and all were British: either in British infantry or serving with Africans or Fijians. No Malay officers (and there were plenty in this group) contracted the illness neither did any Gurkha officers.
Although cultural identifications when carried out showed a large number of different leptospire there seemed to be no fixed relationship between the causal leptospirae and the severity of the illness. Cultural identification could not be done in all the cases but confirmation of the diagnosis by agglutination-lysis, complement fixation or a combination of both was the general rule. It is considered, however, that if it had been possible cultural isolation and identification on a wider scale would have helped to have given a clearer picture of the distribution of the various leptospirn in Malaya. This might profitably be combined with more extensive serological studies among the indigenous population than has hitherto been possible. The relation of the various rodent hosts and the causal leptospira would also be of interest.
The experience of these two years has put the hazard of leptospirosis in Malaya into focus. From being underdiagnosed in the early stages it then passed through a small peak of overdiagnosis until now the picture is fairly clear. Cultural and serological methods are both essentials for a true picture. The varied clinical picture can cause confusion. This does not only apply to the disease as it is met in Malayan jungle. Admittedly the conditions it found there were optimum for its dispersal and such conditions on such a scale are unlikely to be encountered in ordinary existence. Nevertheless they can be encountered on a small scale from time to time. We must remember that Weil's disease is only one manifestation of the many that are possible in leptospirosis. To some extent we can prevent leptospirosis by adjusting environmental conditions so as to restrict the opportunities for the leptospirn to reach the body. But conditions of warfare in the Malayan jungle with its ever-present reservoirs of infection and its abundant opportunity did not permit of such adjustments to be fully effective.
Colonel A. P. Trimble:
Clinical Aspect of Leptospirosis in Malaya This paper is the result of an analysis of the recorded observations in 236 cases of leptospirosis in Malaya over a period of four years. All were proved either by a rising agglutination titre or by blood culture. The only selection was the ready availability of the notes and the corresponding pathological results.
The disease as we have seen it corresponds in broad outline with the accepted textbook descriptions, i.e. it is a disease without prodromata, of abrupt febrile onset with nausea, vomiting and headache, usually associated early with body and limb pains and tenderness, and injected eyes. Towards the end of the first week in about four-fifths of the cases, renal (70%), hemorrhagic (18%), hepatic (10%), or meningitic changes (3%) may be expected. Usually more than one occurs, occasionally all four, and the relative severity of each varies within wide limits. In Malaya it was commonly a moderately severe illness with pyrexia lasting a little over a week. It can be the cause of a short three-day fever; or it can be an overwhelming infection that is fatal in a few days. In Malaya dehydration in the early stages was an additional factor.
The signs and symptoms are listed in order of frequency in Table I is usually of the high remittent type. As in scrub typhus, a double rise and fall, perhaps to almost normal in the twenty-four hours, is frequent at some time of the disease. There is not infrequently some regression of symptoms after thirty-six hours but after a further twelve hours, the symptoms increase again and become more intense. The result is often a temperature chart with a distinctive high and very erratic outline and of value in diagnosis (Fig. 1 ). Rigors may occur. In three-quarters of this series the duration of Proceeding8 of the Royal Society of Medicine 8 pyrexia was seven to twelve days. There are three further points about the pyrexia. It not infrequently falls, sometimes to subnormal at the onset of severe renal involvement and may be accompanied here by a severe fall in blood pressure. The mild short secondary rise is well known. Very occasionally a low-grade intermittent pyrexia may follow the acute phase and continue for some weeks. There may be an injected throat (45 %), and cough and signs in the chest (30 and 25 %) with consolidation at the bases in severe cases.
Although glandular enlargement was noted in 25 %, the enlargement is very rarely prominent as is so frequently the case in scrub typhus. Although icterus occurred in only 10%, minor abnormalities in liver function tests were fairly common as occurs in many fevers. Urinary changes.-In 30% of cases there were no urinary changes throughout or only an occasional trace of febrile albuminuria. Such absence of renal involvement is not confined to mild or moderately ill cases. For instance one severely ill patient with both meningitis and hkmatemesis showed no renal involvement throughout. Urinary changes are often delayed. However, even in patients where there has only been moderate urinary involvement there is often some impairment of dilution and concentration for some weeks. So far no case has shown persisting impairment for longer than three months. Warning of the onset of severe oliguria is always given by a study of the daily intake and output chart. In the early stages diminished urinary output and perhaps some rise in the blood urea were more often due to dehydration.
Meningitis.-The incidence of meningitis was only 3%. It was suspected in a further 8 % but with normal findings on lumbar puncture. This does not support the contention that an appreciable number of cases have C.S.F. changes without meningeal signs. The fluid showed a moderate increase of cells (maximum 400), mainly lymphocytes, and a moderate increase of protein with low normal sugar levels.
Skin rashes.-There were macular or erythematous skin rashes in about one-fifth of the cases. They appeared on the chest and upper arms from day 2 to day 5. The face may be darkly suffused in the early stages. No heemorrhagic herpes was noted but herpes labialis is uncommon in Malaya. One further rash occurred, mainly from one regiment during an outbreak. It consisted of macules very similar to rose spots appearing about the seventh day, first about the upper abdomen and spreading to the rest of the trunk and occasionally the limbs. It was associated with -late urinary changes or none at all and sometimes an enlarged spleen.
Complications and relapses were few. The main complications were conjunctivitis and iritis. Others were thrombophlebitis, pyelitis and anemia. Relapses were mild but resembled the original attack. Only two cases of second attacks were proved although the majority were exposed to further risks of infection. Differential diagnosis.-In the first two days it is often quite impossible to diagnose leptospirosis clinically. At the end of a week it is possible to be correct in about 90% of cases. Points to remember in a typical moderate case are the rapid onset of a high erratic fever with severe headache, pains and vomiting. The eyes are injected, there may be subconjunctival hemorrhages, and the face is often darkly suffused. The patient tends to lie on his back, immobile because of pain and prostration but he is mentally alert and the picture contrasts markedly with the typhoid state. Signs of involvement of other systems should be watched for, particularly daily examination of the urine. In Malaya, malaria and scrub typhus were the two most frequent difficulties. The prominence of nausea, vomiting and pains is suggestive but a tender spleen is relatively uncommon. On occasion the distinction is anything but clear. Scrub typhus is a very real difficulty and there are a number of cases where it is impossible to differentiate on clinical grounds. Enlarged and tender glands are much more frequent in scrub typhus. It should be noted that the initial OXK titre in the Wilson-Weil-Felix reaction can be high in leptospirosis, but it subsequently falls. Chloromycetin may be used diagnostically. Other difficulties are atypical dengue, the undifferentiated P.U.O.(S.T.) of the tropics, pyelitis and infective hepatitis with hepato-renal syndrome. A polymorphonuclear leucocytosis is almost constant in leptospirosis, and this may help the diagnosis.
Relation of sero-types to severity and symptoms.-I was interested to see if this series supported the claim that different sero-types produced clinically different syndromes (Table II) . The overall picture is that leptospirosis most commonly produces a moderately severe illness (the average time off duty was four weeks). Less frequently it produces either a severe or a mild illness in almost equal proportions. None of the groups is markedly different from its fellow, taking chance into account. Certainly icterohiemorrhagiae, the classically severe sero-type, does not stand out as such. With regard to symptoms, renal involvement is roughly in the same proportion throughout, and analysis of its severity was also proportional. The same observation applies to the frequency of Smadel was unconvinced that any of the current antibiotics was effective but favourable claims for penicillin have been made in this country. I have emphasized the great variability in severity and therefore no true assessment can be made except in carefully controlled and reasonably large series. Such assessment must be made on the total symptomatology, and not, for instance, on duration of pyrexia alone. Such a series was reported by Fairburn and Semple and failed to show marked improvement with either penicillin or Chloromycetin. Oral Aureomycin is too irritating. A controlled series with terramycin is at present being carried out. My own opinion is that there is some advantage if antibiotics are given very early in the disease but it is extremely difficult to admit, diagnose and start specific treatment of cases of leptospirosis within forty-eight hours of onset without haphazardly treating a number of quite unrelated diseases. Certainly we have as yet no true specific therapy such as we have for typhoid fever and scrub typhus.
Finally, it has been alleged that leptospirosis in Malaya is one of the milder variants. This analysis does not support that claim (see Table II ). The number of mild cases is more probably due to the exceptional hospital and laboratory facilities available. There are a large number of sero-types present in Malaya and here they were acting on a completely non-immune community. It is therefore reasonable to suppose that the disease as we see it there is a true reflection of the natural history.
